INTRODUCTION
Over the past several decades, scientific understanding in the fields of chemistry and biochemistry has grown tremendously. For more than a century, molecules have been modeled using spherical representations of atoms, held together with sticks to represent chemical bonds. In more recent decades, the structures of large, complex molecules like proteins have been elucidated using instrumental analysis techniques including X-ray crystallography and Nuclear Magnetic Resonance spectroscopy.
While very useful in their own right, these techniques have limitations when trying to determine the function of complex chemical systems. Chemical reactions, such as photosynthesis or enzymatic catalysis, take place in a tiny fraction of a second. These interactions are too fleeting to capture with traditional experimental techniques. Further complicating the study of biological processes is that extremely large and complicated molecules are involved, yet the reactions of interest take place in reaction centers, a relatively small part of the molecule with only a few atoms involved (Fernholm 2013 ).
Scientists had used computer programs to gain greater understanding of chemical systems for some time. The static behavior even of very complex molecules could be modeled using software that applied classical Newtonian physics. Early in their careers, Dr. Arieh Warshel and Dr. Michael Levitt joined forces at the Weizmann Institute of Science in Israel to create such programs. One of the strengths of approaching molecular modeling from a Newtonian perspective is that it can be accomplished using relatively modest computer resources (Chang 2013) .
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At about the same time, Dr. Martin Karplus and his colleagues at Harvard University were working on a different approach. They created software to simulate reaction mechanisms using quantum physics.
While this approach gives the scientist detailed information about the behavior of the electrons and atoms involved in the chemical process being studied, quantum calculations require very substantial computing resources, and in the late 1960s and into the 1970s, available computer resources were extremely limited even at the most technologically advanced institutions. These types of calculations are too resource-intensive to be applied with sufficient accuracy to entire large and complicated biological The younger of two sons, Martin Karplus was born in Austria in 1930. His parents took the family to the United States in 1938, to escape Nazi persecution after the Anschluss. The family moved to a suburb of Boston, and Karplus settled into the public school system. As a teenager, his father presented him with a microscope, and Karplus soon became fascinated with the study of nature and biology.
During Karplus' undergraduate studies at Harvard, he came to feel that in order to achieve a deeper understanding of biology, he needed to also study the physical sciences, and thus he entered the 3 program in Chemistry and Physics (Karplus 2006) . He began his Ph.D. at Caltech in biology, but decided to switch to chemistry. There he studied under Linus Pauling, himself the winner of both the Nobel Peace Prize and the Nobel Prize in Chemistry and one of the most influential and sometimes controversial scientific figures in the twentieth century. From Pauling, Karplus learned the importance of trusting his intuition and looking for logical solutions when approaching difficult problems (Ireland 2013 ). Karplus received his Ph.D. in 1955, and his dissertation was entitled, "A quantum-mechanical discussion of the bifluoride ion." He chose the bifluoride ion in part because more complex biologically active molecules were too difficult to study at that time using the relatively primitive and labor intensive methods available to do calculations in quantum mechanics (Karplus 2006 ).
While at Columbia and the University of Illinois at Urbana-Champaign early in his career, Karplus gained experience developing computer programs that modeled the quantum physics of reactions. At UrbanaChampaign, he developed mathematical models that were applicable to the powerful new tool of nuclear magnetic resonance (NMR). The relationship that came to be known as the Karplus equation gained much scientific interest and is now widely applied to the structural determination of proteins using NMR. Concerned that his work was being interpreted too widely, he published a short communication elaborating on the limitations of the Karplus equation and its proper usage (Karplus 1963 ). This became one of the most highly cited papers ever published in the Journal of the American Chemical Society (Dalton 2003) . Warshel's award of the Nobel Prize in Chemistry has generated discussion in the media about the difficult climate for scientists in Israel. Israel has suffered from the phenomenon of brain drain, with a high percentage of Israeli scientists leaving to work abroad, because of a lack of funding for research and education. Also problematic to young scientists is an insufficient infrastructure, along with the existence of relatively few tenured faculty posts (Sobelman 2013) .
THE COLLABORATIONS
In 1970, Warshel, then a post-doctoral researcher, came to Karplus's lab at Harvard. The two collaborated using Warshel's experience with classical physics and Karplus's interest in quantum physics to develop a program that used quantum physics to perform calculations on free electrons, those electrons found in some molecules that are able to move readily between multiple atomic nuclei, but used classical physics to account for the remainder of the electrons and atomic nuclei. Although this work was important, it could only be applied to a certain class of molecules.
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During this period, Karplus's group was focused on understanding the properties of retinal, a molecule found in the eye that is essential to human vision. Retinal is a molecule with free electrons. When exposed to light, the free electrons absorb energy and the shape of the molecule changes. This reaction happens almost instantaneously, and like many biological reactions, it is much too rapid to be measured by traditional experimental techniques. After much work, Karplus and Warshel were able to use their approach of combining classical and quantum physics to model retinal (Fernholm 2013 Council Laboratory in Cambridge, England. The two worked on modeling enzymatic reactions, an area of particular interest to Warshel. Enzymes are essential to biochemical processes, and because they are typically large protein molecules with a specific reactive site where the chemical process of interest is rapidly facilitated, they are prime subjects for the application of multiscale molecular modeling (Fernholm 2013) . In 1976, they published a study of an enzymatic process that was ground-breaking because it used a model that could be used for any type of molecule (Warshel and Levitt 1976) .
Additional work by Warshel and Levitt produced the discovery that the modeling of parts of the molecule away from the reactive sites can be further simplified by grouping some atoms in their calculations (Fernholm 2013) . They also found that in the study of enzymes it was important to allow for the effects of the surrounding media, especially water (Chang 2013 ).
THE PUBLICATIONS
Unsurprisingly, all three of the 2013 Laureates are highly productive researchers, but they experienced skepticism from their colleagues for the purely computational nature of their work. Martin Karplus recalled submitting a manuscript predicting some structural characteristics of retinal, along with his collaborator Barry Honig, to the journal Nature. The paper was rejected because it lacked experimental data confirming the calculated conformation. Karplus noted, "This was my first experience with Nature and with the difficulty of publishing theoretical results related to biology, particularly in high impact journals. The problem is almost as prevalent today as it was then, i.e., if the theory agrees with the experiment it is not interesting because the result is already known, whereas if one is making a prediction, then it is not publishable because there is no evidence that the prediction is correct." (Karplus 2006, 29) Still, Karplus persisted, and Nature eventually published the work. Arieh Warshel noted resistance from the community of experimental researchers to the newly emerging field of computational chemistry for anything but findings which substantiated experimental results. They tended to reject any conclusions from his work that could not be measured directly by experimental methods. He stated, "The last thing people want is that you will come and explain their systems. I never succeeded to convince anyone. I just made them angry." (Chang 2013) The results of Karplus' [INSERT Table 4] The term used by the Royal Swedish Academy of Science in awarding this prize, "Multiscale Models," is not unique, and is found applied in many other fields. It is not a useful search term in the literature. To gain a basic understanding of the impact of this type of computational analysis on the field of chemistry over time, a search was performed in the SciFinder database on the three authors, and was analyzed by index term. The resulting lists of index terms appearing in the publications of the authors were scanned to identify frequently appearing terms that were most appropriately descriptive of the work. Two terms, "molecular dynamics" and "conformation" appeared very frequently as index terms for all three sets of publications, and together are descriptive of the concepts honored by the award.
To see how these terms appeared in the literature over time, an additional SciFinder search was performed looking for the appearance of both terms in journal articles indexed in the CAPLUS database.
A total of 24,444 journal articles were found. 
CONCLUSION
The work associated with the 2013 Nobel Prize in Chemistry has been focused on insight into how complex biological systems work, and without it, scientists would have a much less sophisticated understanding of processes including the mechanisms of enzymatic reactions, the folding and packing of proteins, and the prediction of biomolecular conformations. It is possible that multiscale computer modeling will advance understanding of the biological sciences much further. As Michael Levitt noted, "Computers were made for biology: biology would never have advanced as far as it did without the dramatic increase in computer power and availability. One day we would like to be able to simulate complicated biological processes, perhaps even going from the genomic sequence to a full simulation of the organism's phenotype." (Levitt 2001, 393) The foundational work of Karplus, Warshel and Levitt has much broader scientific implications. The types of computer modeling techniques available now can be used, for example, in the development of new drugs, in the discovery of solid catalysts and in the engineering of new materials. Because computer technology is one of the rare situations where costs are decreasing at the same time that capability is growing, the importance of computational methods in science and engineering will only continue to grow (Jacoby 2013) . As Arieh Warshel observed, "The past 25 years have taught us that we cannot predict how the field of molecular modeling will mature." (Warshel 2002, 393) ACKNOWLEDGMENT The author would like to thank Thomson Reuters for providing publication and citation data.
